Little is known about the regulation of cholesterol biosynthesis in the developing brain, although the importance of this sterol as a constituent of myelin as well as of axonal, dendritic and intracellular membranes is generally recognized. The specific activity of HMG-CoA reductase (EC 1.1.1.34), a major ratelimiting enzyme in the cholesterol-biosynthetic pathway in a variety of tissues [see Volpe (1977) for review], undergoes significant developmental changes in the microsomal fraction of mouse and rat brain (Kandutsch & Saucier, 1969; Sudjic & Booth, 1976; Aragon et al., 1978) . However, nothing is known about the mechanisms underlying these changes.
It is well established that under appropriate conditions the hepatic HMG-CoA reductase can undergo catalytic modification (activation or inactivation) in vitro (Beg et al., 1973; Berndt & Gaumert, 1974; Berndt et al., 1976; Nordstrom et al., 1977) . Of particular interest is the observation that much of the reductase in rat liver may be converted from an inactive into an active form during isolation of the microsomal fraction (Nordstrom et al., 1977) . This suggests that the reductase activity in vivo can increase severalfold without an increase in enzyme synthesis.
In the present study we (Gray & Whittaker, 1962) . Washed microsomal fractions were prepared by gently homogenizing the initial 100000g pellet in 2vol. of homogenization buffer and centrifuging the suspension a second time at 100000g for 60min.
Protein determination Protein was precipitated with 10% (w/v) trichloroacetic acid, dissolved in 2M-NaOH, and assayed by a microbiuret method (Munkres & Richards, 1965) , with bovine serum albumin as a standard.
Enzyme assays
The reaction mixture used routinely for the assay of HMG-CoA reductase in brain homogenates and microsomal fractions consisted of 40mM-potassium phosphate, pH 7.5, 3OmM-EDTA, 5 mM-dithiothreitol, 2.5mM-NADPH, 75,uM-[3H]HMG-CoA and 2004ug of protein in a total volume of 200,u1. Under these conditions the formation of mevalonate was linear up to 60min at concentrations of protein ranging from 0.25 to 2.0 mg/ml. The optimal conditions for the reductase assay were the same, regardless of thie age of the rats from which brains were obtained. When indicated, the reaction mixture was modified to contain 50mM-NaF. Reaction blanks contained all components, except that the protein was boiled for 10min. In experiments aimed at determining the effects of preincubation or the presence of F-on the activity of HMG-CoA reductase in crude homogenates, blanks containing active protein, but no NADPH, were also run. The reaction was started by addition of the HMG-CoA and was terminated after 60min by addition of 20l of 5M-HCI. ["4C]MevaIonic acid (approx. 2000d.p.m.) was added as an internal standard and lactonization was alloNved to proceed at 37°C for 45min. Mevalonolactone was isolated from the reaction mixture by an ion-exchange procedure on AG1-X8 resin, and radioactivity was measured in a liquid-scintillation spectrometer (Volpe & Hennessy, 1977 
Results
When homogenates of brains from 10-day-old rats were incubated at 37°C, the specific activity of HMG-CoA reductase underwent a substantial increase (Fig. 1) . This effect was maximal after 2h and declined with longer incubation times, possibly because of protein denaturation or the action of proteinases. An increase in activity was also observed when the homogenates were kept on ice; however, the degree of activation was not as great as that obtained at 37°C. Inclusion of 50mM-NaF in the homogenization medium and in the assay mixture completely blocked the activation of the reductase. When in a separate experiment 50mM-NaCl was substituted for NaF, the reductase activity measured after a 2h preincubation at 37°C was equal to 92 % of that in activated control homogenates. Thus the inhibition of reductase activation observed in Fig. 1 appears to be related specifically to the presence of F-.
Crude homogenates rather than microsomal fractions were used for enzyme assays because of observations that much of the HMG-CoA reductase and NADPH-cytochrome c reductase (microsomal marker) activity in the brain is removed from homogenates by low-speed centrifugation (Sudjic & Booth, 1976; Aragon et al., 1978; Maltese & Volpe, 1979) . In order to preclude the possibility that the increased reductase activity measured in preincubated homogenates was due to increased conversion of the [3H]HMG-CoA into products other than mevalono- Time (h) Fig. 1 (Shapiro et al., 1969) . The specific activities for HMG-CoA reductase (in activated and nonactivated homogenates), calculated on the basis of product isolated by t.l.c., were identical (± 10 %) with those obtained when the product was isolated by the ion-exchange method. Moreover, when samples of the resin eluate were subjected to t.l.c., the ratio of 3H/14C in the spot that co-migrated with authentic mevalonolactone was the same as that in the unchromatographed eluate. Thus the radiochemical purity of the product isolated by the ion-exchange method is at least as great as that of the mevalonolactone isolated by t.l.c. Finally, when NADPH was omitted from the assay mixture the radioactivity recovered in the product was always the same as that measured in the blanks containing boiled protein.
This ruled out the possibility that a radioactive product formed by an NADPH-independent reaction was contributing to the enzyme activity being measured. Samples of homogenate assayed for HMG-CoA lyase under the same conditions as were used to assay the reductase did not contain detectable lyase activity. The presence of EDTA in the reaction mixture appears to suppress the activity of the lyase, which requires bivalent cations for activity (Stegink & Coon, 1968) . Thus the increase in HMG-CoA reductase activity does not appear to result from an inhibition of HMG-CoA lyase, which can compete for available substrate. Although a more precise definition of the mechanism responsible for the activation must await further study, the fact that the increase in reductase activity can be completely blocked by F-, a phosphatase inhibitor, raises the possibility that an activator protein similar to that characterized in the liver (Nordstrom et al., 1977) may also exist in the rat brain during the postnatal period.
To determine whether activation of the reductase required only microsomal constituents, we assayed the enzyme in washed and unwashed microsomal fractions prepared by differential centrifugation (Table 1) . Although some activation of HMG-CoA reductase was obtained in unwashed microsomal fractions prepared from preincubated homogenates, the specific activity of the reductase in washed microsomal fractions was the same regardless of whether the assay mixture contained F-. Attempts to activate the reductase by resuspending washed microsomal fractions, prepared in the presence of NaF, in buffer without NaF were unsuccessful. Nor were we able to activate the reductase in washed microsomal fractions by incubating them with the Vol. 182 Table 1 . HMG-CoA reductase specific activity in microsomal fractions of 10-day-old rat brains assayed in the presence and absence of50mM-NaF Washed or unwashed microsomal fractions were prepared from homogenates of 10-day-old rat brains which had been incubated for 2h, either in the presence or absence of 50mM-NaF. The microsomal fractions (approx. 1.0mg of protein) were resuspended in 300p1 of homogenization medium with no addition (-NaF), with 50mM-NaF (+NaF), or in 300,pl of lOOOOOg supernatant solution (HSS) without NaF. Microsomal suspensions then were preincubated at 370C for 1 h and assayed for HMG-CoA reductase activity (see the Experimental section 1000OOg supernatant solution. Thus the data suggest that at least one component necessary for the activation of the reductase is loosely associated with the microsomal fraction and can be easily lost or inactivated. Nevertheless, it remains entirely possible that other components present in the cytosol are also involved. The degree to which the reductase could be activated in homogenates was not uniform throughout the period of postnatal brain development. Rats from litters of several different ages were killed, and the activity of the reductase in brain homogenates was determined after preincubation in the presence or absence of 5OmM-NaF (Fig. 2a) . Two major points are apparent. First, the extent to which the reductase was activated in the absence of NaF showed a decline between 10 and 21 days. Second, in both the presence and absence of NaF, the specific activity of the enzyme exhibited a similar developmental profile, i.e. an overall decline from 4 days until adulthood, with a marked decrease in specific activity occurring between 10 and 15 days. However, because there was a greater capacity for activation of the reductase in the homogenates from younger animals, the changes in specific activity that accompany brain maturation were accentuated in the absence of NaF.
In view of the dramatic increases in brain protein and wet weight (primarily due to the accumulation of myelin) that occur during the postnatal period, and the importance of assaying brain HMG-CoA reductase in crude homogenates, expression of enzymic activity on a per brain rather than a per mg of protein basis might provide a more meaningful assessment of the developmental changes of this enzyme (Fig. 2b) . Thus, although the specific activity of the reductase declined after 4 days (Fig. 2a) , the total activity per brain increased markedly, as one might expect on the basis of the rise in the cholesterol content of the brain during this period (Wells & Dittmer, 1967; Cuzner & Davison, 1968) . It is also apparent that when reductase activity is expressed per brain, two different developmental profiles are generated, depending upon whether NaF is present during homogenization and assay.
Discussion
The demonstration of a capacity for activation of HMG-CoA reductase in brain homogenates has important implications for the interpretation of developmental studies of this enzyme. Thus, although it remains to be determined to what extent this type of activation represents a physiological mechanism, the data suggest for the first time that regulation of the reductase at the level of catalytic efficiency may be of particular importance in the developing brain. This suggestion is compatible with the fact that the period during which the capacity for activation of the reductase is greatest (4-10 days) correlates well with the period during which sterol biosynthesis from acetate has been shown to be most active in the developing mouse brain (Kandutsch & Saucier, 1969) . The presence of a phosphatase capable of modifying the catalytic efficiency of HMG-CoA reductase in the brain during the critical period of growth and early myelination might provide an important mechanism whereby reductase activity can be increased rapidly without a change in the rate of synthesis and/or degradation of the enzyme. Future studies along these lines should yield important new insights into the regulation of sterol synthesis in the developing brain.
